The study focuses on the characterization of the groundwater salinity on the Nador coastal aquifer (Algeria). The groundwater quality has undergone serious deterioration due to overexploitation. Groundwater samplings were carried out in high and low waters in 2013, in order to study the evolution of groundwater hydrochemistry from the recharge to the coastal area. Different kinds of statistical analysis were made in order to identify the main hydrogeochemical processes occurring in the aquifer and to discriminate between different groups of groundwater. These statistical methods provide a better understanding of the aquifer hydrochemistry, and put in evidence a hydrochemical classification of wells, showing that the area with higher salinity is located close to the coast, in the first two kilometers, where the salinity gradually increases as one approaches the seaside and suggests the groundwater salinization by seawater intrusion.
INTRODUCTION
Groundwater in coastal plains is often the main source of water supply for irrigation, industrial, and domestic purposes, often provoking salinization processes; this is due to the rapid population growth, industrial and agricultural activities in these areas which become the most important factors leading to groundwater exploitation. The notable exploitation of groundwater not only increases the seawater intrusion in coastal regions, but also causes the deterioration of the water quality (Park et al. 2005 , Sherif et al. 2006 , Mondal et al. 2013 , Re et al. 2014 . In arid and semi-arid areas, groundwater is often characterized by poor quality, particularly with high salinity (Saxena et al. 2004 , Melloul and Collin 2006 , Kim et al. 2009 , Chekirbane et al. 2013 .The problems associated with natural saline groundwater, saltwater intrusion, and upcoming of saltwater in pumping wells are the major concern in many coastal aquifers in the world (Custodio 2002 , Lee and Song 2007 , Mondal et al. 2008 , Giménez-Forcada et al. 2010 .
In many coastal Algerian aquifers, groundwater is under constant threat of saline water intrusion. In Algeria, the water demands have revealed significant deficit, whose need is estimated at 7.0 mm 3 /day of which only 2.8 mm 3 /day is available. Beyond the impact of population growth, water demand has been rising in response to industrial development and increased reliance on irrigated agriculture. The problem of water shortage is prominent in the populated coastal cities (Djabri et al. 2014) . Tipaza is one of the coastal cities in Algeria that are facing this problem. It has an agricultural vocation. Orange trees, vineyards and vegetables in greenhouses are the main cultures in the area (Bouderbala 2015) . The excessive exploitation of groundwater by farmers during the period 1988-2001 has drastically affected the groundwater reserves and at the same time groundwater gets a high electrical conductivity value, above 9000 μS/cm in 1995. Due to this increase of salinity, several boreholes and wells have been abandoned. At present, water supply for both drinking and irrigation is ensured in the majority part from Boukourdane dam located upstream of the study area .
The objective of this study is to identify the mechanisms of groundwater salinization and to delineate their spatial extension using hydrogeological and hydrogeochemical approaches. Such knowledge will contribute to adapt adequate water management strategies, as well as to prevent quantitative and qualitative alteration of the environmental conditions.
GEOLOGICAL AND HYDROGEOLOGICAL SETTING
The plain of Wadi Nador belongs to a large coastal morphological unit called the Algiers Sahel, located approximately 75 km west of Algiers. It is limited on the north by the Mediterranean Sea, on the south and east by the slopes of the Sahel, and on the west by the Chenoua Massif (Fig. 1) . The plain follows a syncline oriented NE-SW, whose main axis is occupied by the Wadi Nador, which gives its name to the study area. The relief of the Nador plain is characterized by slopes of between 0 and 1%, whilst the slopes of the hills and piedmont to both the east (slopes of the Sahel) and west (Chenoua Massif) have gradients of slope between 1 and 10%.
From a climatological point of view, the area is characterized by a semiarid climate, with average annual rainfall of 540 mm (period 1988-2012 , Boukourdane weather station), and an average annual temperature of 18.0°C. The annual evapotranspiration, estimated with the Thornthwaite method, is about 424 mm; annual runoff and is estimated to be 70 mm, while infiltration is estimated to be 46 mm (period 1988-2012) .
From the geological point of view, the study area is occupied by Pliocene and Quaternary terrains. The Pliocene is represented by Plaisancian clayey marl, overlying Astian limestone and sandstone. The basement of the Pliocene aquifer is formed by low-permeability clayey marl. Meanwhile, the aquifer is characterized by high permeability, with values of up to 6.8 × 10
-4 m/s, a mean saturated thickness of 60 m, and a transmissivity value of about 2.0 × 10 -2 m 2 /s. The Quaternary terrains are formed by sand, clay, and gravel, reaching a thickness of 30 m in the centre of the plain. Their permeability is about 10 -3 m/s and the transmissivity is 10 -2 m 2 /s. There are local deposits of clay and sandy clay overlying all these materials. The PlioQuaternary aquifer is partially confined by Quaternary formations (clays, gravels, and sands) in the centre and downstream of the plain. The depth of water table is located at only a few metres in downstream sectors, but it is at more than 30 m in the upstream of plain. Most of the recharge to this Plio-Quaternary aquifer comes from the rainfall infiltration on the permeable outcrops of the plain, and by irrigation return flow. Recharge by the Wadi Nador is much reduced because the banks of the watercourse are clogged with clay. However, the axis of the synclinal nearly coincides with the flow direction of Wadi Nador .
The intensive exploitation of the aquifer before 2001 provoked negative values of piezometric water levels around the boreholes situated in the centre of the plain; it favoured the rupture of the hydrodynamic balance between freshwater and seawater, provoking an eventual seawater intrusion in the coastal area.
The piezometric map related to the year 2013 ( Fig. 2) , after reduction of the pumping rate in the aquifer, shows that groundwater flow lines converge towards the axis of the syncline which constitutes the axis of principal drainage of the Plio-Quaternary aquifer. Then, groundwater flows NE towards the Mediterranean Sea, its natural discharge area.
MATERIAL AND METHODS
Field samplings have been collected from 24 monitoring wells tapping the aquifer, in April and September 2013. Most of the wells used for sampling are less than 40 m deep. Samples were collected in cleaned polythene bottles (500 ml capacity) and were properly labelled, indicating the well number, date, and time of collection. All of the samples were analyzed using standard procedures (APHA 1995) . Total dissolved solids (TDS), electrical conductivity (EC), and pH were analyzed in situ using a multi-parameter measurement WTW 3410 IDS. Major ions chlorides, bicarbonates, were analyzed using volumetric methods. Calcium, magnesium, sodium, and potassium were analyzed using atomic adsorption spectrometry. Nitrates were measured by a colorimetric method. Sulphates were estimated by the UV-visible spectrophotometer. The precision and accuracy of all analysis were within ± 5%.
In order to better understand the hydrogeochemical processes that take place in coastal aquifer, seawater fraction, ionic deltas, and saturation indices were used, which facilitate interpretation of the evolutionary trends and hydrogeochemical processes occurring in the groundwater of this aquifer.
The seawater fraction in the groundwater is often estimated using chloride concentration, since this ion has been considered as a conservative tracer, and it is not affected by ion exchange (Custodio 1987 (Kouzana et al. 2009 , Mondal et al. 2013 . Once calculated, the seawater fraction is used to calculate the theoretical concentration of each ion i resulting from the conservative mixing of seawater and the freshwater:
, mix sea ,sea sea ,fresh 1 ,
where C i,sea and C i,fresh are the concentration of the ion i of, respectively, seawater and freshwater. For each ion i, the difference between the concentration of the conservative mixing C i,mix and the measured one C i,sample simply represents the ionic deltas (ǻ) (Fidelibus 2003) resulting from any chemical reaction occurring with mixing:
,sample ,mix ǻ .
The state of mineral saturation that reacts in the system during the period of low groundwater in 2013 was calculated from the analytical data sampling. The mineral saturation indices (SI) indicate the degree of saturation in a particular mineral phase compared to the aqueous solution with which it is in contact. Based on this SI value, the trend of precipitation or dilution of the mineral phases can be deduced. The simulation was performed using the thermodynamic software PHREEQC. The calculation of the saturation index was performed by the formula SI = [log (Q)]/[log (Ksp)].
In order to identify geochemical processes that contribute to the groundwater salinization in the Nador aquifer, the ionic ratios, Cumulative Probability Curves (CPC) and Cluster Analysis are used to assess the salinity in this aquifer. Different ionic ratios were calculated to support the discrimination of samples, and to try and determine the processes acting in the water. Ca 2+ /Na + , Ca 2+ /Mg 2+ , HCO 3 í /Cl í , and SO 4 2í /Cl í (in meq/L) were used to determine the origin of groundwater salinity (Pulido-Leboeuf et al. 2003 , Pulido-Leboeuf 2004 , Singh et al. 2005 , Giménez-Forcada et al. 2010 , Mondal et al. 2010 , Daniele et al. 2011 , Gurunadha Rao et al. 2013 .
In order to determine the anomalous population whose chemistry was affected locally by salinization, the CPC of hydrochemical parameters were drawn and interpreted (Park et al. 2005, Mondal and Sing 2011) . In particular, the density distributions of Na + , Mg 2+ , Cl -, and SO 4 2-concentrations were carefully examined in this study in order to group the collected samples on the basis of seawater mixing Song 2007, Mondal et al. 2011) . If a chosen water quality parameter is affected by a single process, the frequency distribution of its concentration forms a unimodal, normal or log-normal distribution. If so, the cumulative probability plots form a linear distribution in a probability diagram. On the other hand, if the plots of a water quality parameter do not form a linear distribution, the parameter can be considered to be affected by more than one population (process). For such a case, each population can be differentiated by the intersection points of two neighboring linear populations (Park et al. 2005) . Multivariate statistical techniques are widely used to identify and evaluate groundwater quality in environmental studies. It can be used to simplify, organize, and classify groundwater data in order to bring about useful meanings (Sarwade et al. 2007 , Arslan 2013 , Char¿ et al. 2013 , Matiatos et al. 2014 . It was performed through Cluster Analysis (CA). The samples were statistically analyzed by using the software Statgraphics plus 5.1. A number of studies used this technique to successfully classify water samples (Moral Callejón et al. 1984 , Liu et al. 2003 , Gupta et al. 2005 , Yidana 2010 , Belkhiri et al. 2011 , Zhang et al. 2011 .
RESULTS AND DISCUSSION

Geochemical composition of groundwater
The statistical results of analyzed groundwater samples parameters of the study area are summarized in The map of groundwater EC of low period 2013 shows how the salinity change through the aquifer, with values ranging from 1430 to 4620 ȝS/cm (Fig. 3) . The highest EC was measured in the coastal area, where the water abstracted is too saline for drinking purposes.
With respect to the quality of groundwater, three categories can be considered: (i) < 1500 ȝS/cm for freshwater, (ii) 1501 to 3000 ȝS/cm for brackish water, and (iii) > 3000 ȝS/cm for saline water in coastal aquifers (Saxena et al. 2003 , Mondal et al. 2008 , Khairy and Janardhana 2013 which gives: 21 and 25% of the samples found in saline water, 50 and 54% of brackish water, and the remaining 29 and 21% of samples are freshwater, for high and low water periods, respectively. However, 79.2% and 37.5% of samples exceeded the guideline values for chloride (Cl í , 250 mg/L) and sodium (Na + , 200 mg/L), respectively. So the totality of the samples exceeded the guideline values for calcium (Ca 2+ , 100 mg/L).
The Piper diagram was created for Nador plain, using the hydrochemical analysis of September 2013. It shows that a number of wells are found on the theoretical mixing line indicating the mixing process between freshwater and saltwater (Fig. 4) . The diagram illustrates the predominance of the Ca-HCO 3 water type (45.83% of the samples) in the recharge zone. However, in the coastal zone, the water type is Na-Cl (37.5%) and in the centre of the plain (16.67%) the water types are Mg-SO 4 and Ca-Cl. They are detailed in the Table 2 . 
Mixing of groundwater
In coastal aquifers, the mixing between freshwater and saltwater causes significant environmental and economic constraints. Therefore, understanding the extent of mixing of these two types of waters is important in coastal water management, since the presence of even a small fraction of saltwater would make a freshwater system unfit for drinking (Abarca and Clement 2009). The mixing of seawater with the fresh groundwater in the aquifer was calculated using the mass balance equation. In addition, the calculation of these ionic deltas is important for determining and quantifying the hydrogeochemical processes and potential chemical reactions that take place in the aquifer (Pulido-Leboeuf 2004). Hence, when ǻC i is positive, groundwater is getting enriched in ion i, whereas a negative value of ǻC i indicates a depletion of ion i compared to the theoretical mixing (Anderson et al. 2005) . In this study, the resulting seawater fractions in all observation wells using Eq. 1 are shown in Fig. 5 . In the Plio-Quaternary coastal area, the mixing rate of seawater intrusion for observation wells is 10%, confirming the process of seawater intrusion into freshwater aquifer.
We note that the variation value of seawater mixing rate between observation wells is clearly related to their distance from the sea. For example, P161 and P161B, located near to Mediterranean Sea, are the most contaminated wells in the area; their seawater percentage values exceed 10.5%, while upstream of the plain, the mixing rate of seawater intrusion contents values (< 1%) are due to the infiltration of meteoric water and dilution of groundwater (recharge area).
The ionic deltas of the major elements (¨Na + , ¨Mg 2+ , ¨Ca 2+ , and ¨SO 4 2 ) versus chloride are plotted to show the relationships between these elements (Fig. 6) The loss of Na + and gain of Ca 2+ and Mg 2+ suggests a reverse cation exchange, usually observed in similar situations when the seawater is replacing freshwater (Cardona et al. 2004, Appelo and Postma 2005) . A highly linear relationship can be identified between Cl -and Na + (r = 0.99), and their groundwater samples are closely aligned on the theoretical mixing line between freshwater and seawater, indicating that salinity in groundwater is derived from a marine source; the difference in salinity for different samples is due to the variation of the seawater contribution. The ionic deltas of ¨Mg 2+ and ¨SO 4 2-become more positive with the increase of the chloride ion and considerably more positive in the coastal area, when values of Cl -exceed 10 meq/L.
The high values of ¨SO 4 2-are probably due to the excessive use of fertilizers (ammonium sulphate), the irrigation by treated wastewater, the evaporation and the mixing between freshwater and seawater. However, the high values of ¨Mg 2+ are probably due to the mixing between freshwater and seawater.
Saturation index is a measure of the thermodynamic state of a solution relative to equilibrium with specified solid-phase minerals. It is postulated that mineral phases that are undersaturated will tend to dissolve and mineral phases that are oversaturated will precipitate these mineral phases out of solution. Equilibrium is taken to be between SI = -0.1 and SI = 0.1. Saturation indices (SI) for 24 groundwater samples were calculated using software PHREEQC. Results of saturation indices of various different minerals are shown in Table 2 . It was found to be undersaturated (SI -0.1) with respect to gypsum and halite, and oversaturated (SI 0.1) with respect to calcite and dolomite. In the parts of the aquifer which were undersaturated with respect to calcite or dolomite, groundwater flow is capable of dissolving the aquifer rock, thereby increasing both its porosity and permeability (case of recharge area). Whereas in other parts, where the SI is positive, mineral precipitation will have the opposite effect on the aquifer properties (case of coastal area), confirming that the Ca 2+ and Mg 2+ enrichment is due to cation exchange dependent on the residence time. Another explanation for the increase in the SI of dolomite in coastal wells is probably the mixing phenomenon between freshwater and seawater.
The gypsum and halite saturation indices show undersaturation. Indeed, this dissolution is confirmed by the negative saturation indices of groundwater with respect to gypsum and halite. These salts are then leached, under rainfall, towards the groundwater (Li et al. 2014) .
Assessment of salinization
Ionic ratios
Ca 2+ /Na + ratio can reflect the degree of seawater mixture. Higher Na + can be due to the dissolution of halites, and also to the seawater intrusion in coastal aquifers. However, the origin of calcium maybe due to the dissolution of precipitates of CaCO 3 and CaMg(CO 3 ) 2 during the recharge of aquifer (Lakshmanan et al. 2003) . The Ca 2+ /Mg 2+ ratios of freshwater range from 0.5 to 5 in sedimentary rocks and from 0.25 to 0.5 for seawater intrusion (Custodio 1987 , El Moujabber et al. 2006 . Figure 7a illustrates the relationship between Ca 2+ /Na + and Ca 2+ /Mg 2+ ratios versus Cl -(in meq/L). When Ca 2+ /Na + ratios are > 1, the Cl -is < 10 meq/l, indicating an enrichment of Ca 2+ relative to Na + , due to the rock-water exchange. However, for the coastal wells, the Ca 2+ /Na + ratios tend to 0, indicating an enrichment of Na + relative to Ca 2+ , which is probably due to the influence of seawater in this part of aquifer. The Ca 2+ /Mg 2+ ratios show the same evolution as that of Ca 2+ /Na + ; indicating an enrichment of Mg 2+ relative to Ca 2+ for the coastal samples. Generally, the sources of magnesium are dissolution of dolomites and silicate weathering. However, in this coastal area, higher Mg 2+ contents maybe due to saline intrusion, while in the recharge area (upstream area) the low Ca 2+ /Mg 2+ ratios could be explained by the rock-water exchange interaction like limestone and clay minerals among the sedimentary rocks of this coastal region. This is due to the existence of direct cation exchanges reactions, which withdraw Ca 2+ and give to Na + and Mg 2+ (Pulido-Leboeuf et al. 2003 , Kouzana et al. 2009 , Kolsi et al. 2013 .
The effect of salinization could be classified also using the HCO 3 -/Cl -ratio, which includes values > 0.5 for unaffected, 0.2-0.5 for slightly and moderately affected by seawater intrusion, and < 0.2 for strongly affected by seawater intrusion (Mtoni et al. 2013 , Kura et al. 2014 . Figure 7b shows the relationship between HCO 3 -/Cl -and SO4 2-/Cl -ratios versus Cl -(in meq/l). While for upstream area the HCO 3 -/Cl -ratios have high values, to 0.4, it could be explained by dilution of groundwater mineralisation after the rainfall infiltration and irrigation return, but this ionic ratios decrease and tend to "0" when the chloride concentration is in increase, suggesting that the groundwater in this coastal sector is affected by seawater intrusion (Kura et al. 2014) , or to the important input of limestone or/and application of calcium carbonate on agricultural land (Mondal et al. 2010 , Mtoni et al. 2013 . The variation of SO4 2-/Cl -ratios was also employed to determine seawater intrusion. The origin of sulphate derived from action of leaching and anthropogenic activities. Hence, if the ratio is < 0.05, then it is considered to be affected by seawater intrusion (Lagudu et al. 2013) . In our study area, the SO 4 2-/Cl -ratios indicates a decrease (the tendency to the marine pole) for the coastal samples, while the low values in the recharge area (< to 0.6) show the influence of anthropogenic pollution most likely from degradation of organic materials from topsoil/water, or from oxidation/dissolution of SO 4 2í , reflecting sulphate-rich marine clay and silt deposits in reason of high values of sulphate (Rina et al. 2012 ).
Cumulative Probability Curves
Results of the interpretation of CPC for chosen hydrochemical ions (i.e., Na + , Mg 2+ , Cl -, and SO 4 2-) can be effectively used to differentiate between the samples whose chemistry is largely controlled by seawater mixing and the samples not affected by this latter. The intersection points in the cumulative probability plots can be considered as regional threshold values for differentiating the samples with the effect of seawater mixing in the study area (Fig. 8) .
The approximate values obtained were 140 mg/L for Na + , 40 mg/L for Mg 2+ , 225 mg/L for Cl -, and 125 mg/L for SO 4 2- (Fig. 8) . Using the two parameters (Cl -and Na + ), the collected water samples are divided into two major groups as follows: Group 1 (62.5%): waters that are relatively poor in Cl -and Na + , concerning the samples localised in recharge area;
Group 2 (37.5%): waters which are enriched in Cl -and Na + , indicating considerable influence of seawater mixing; concerning coastal samples (P142, P127B, P127, P13, P153B, P153, CRF, P161, and P161B).
This classification will be useful to discriminate the source of salinization, to estimate the level of seawater mixing, and ultimately to properly manage the groundwater resources in the study area. These graphs of cumulative probability of Na + and Cl í show broken lines in the point P142 (point number 16); it also shows probably that the mixing zone is located between wells P134 and P142.
Distribution of CPC of SO 4 2-shows a break in the well 11, whilst the other ions indicate a break in the well 13, from the upstream to downstream of the plain. This is explained by a probable effect of domestic urban waste in rural agglomerations (sewerage system is not connected to the main system) in the upstream zone of the plain, and to the use of fertilizers (ammonium sulphate).
Cluster Analysis
Comparisons based on multiple parameters from different samples were made and the samples were grouped. The hydrochemical data, considered as observations, were classified by Cluster Analysis into 8 dimensional spaces (Na + , Ca 2+ , Mg 2+ , K + , Cl í , HCO 3 í , SO 4 2í , NO 3 -) and the results are presented as a dendrogram of variables (Fig. 9 ) using furthest neighbor method. This method defines the Euclidean distance between two clusters as the maximum distance between any member of one cluster and a member of the other. The dendrogram of cluster variables of 24 monitoring wells shows the existence of a high correlation between Na + and Cl -(r = 0.99). It expresses that the mineralization is mainly influenced by those two ions. Groundwater in this area is also dominated by SO 4 2-and Mg 2+ (a high correlation between these two parameters, r = 0.98), with a low correlation between HCO 3 -and NO 3 -(r = 0.42) and very low correlation between Ca 2+ and K + (r = 0.19). The analysis of cluster observations shows two cluster groups, A and B (Fig. 10) . There are sixteen samples identified within group A: samples of relatively freshwater with EC values ranging from 1400 to 1850 μS/cm and water types HCO 3 -ClņCa-Na, SO 4 -ClņCa-Mg and Cl-SO 4 ņCa-Na, and one sample of brackish water (P142) with EC of 2028 μS/cm and Cl-SO 4 ņNa-Mg water type, is situated in the transition zone. The water types of groups A can be interpreted as the first step of water-rock interactions occurring in dilute solutions, explained by the abundance of Mix-HCO 3 and Mix-Ca in the aquifer. It characterizes the water types in the recharge area.
The group B concerns the eight wells located near the coastal area at a distance less than 2 km (P127B, P127, P13, P153, P153B, CRF, P161, and P161B). The EC of the water of these wells varies between 2600 and 4600 μS/cm. Average concentrations of the chemical parameters in the group B samples (except K + and Ca 2+ ) appear to be the highest among the group A. It is probably caused by a seawater intrusion in this part of plain.
Groundwater quality zone
All the above techniques were taken into consideration for establishing the final map of the affected area by salinity (Fig. 11) .
It clearly delineates the different sectors of groundwater quality in this aquifer: the sector mostly contaminated by seawater intrusion, the probably transition zone, and the recharge area moderately mineralized.
The recharge area with 15 wells is characterized by high permeability, with low thickness relative to the coastal area and moderately high slope of Fig. 11 . Map of different sub-groups in coastal aquifer of Nador. the substratum. It shows a groundwater quality moderately mineralized, while the transition zone (one well) is characterized by brackish water.
The statistical analysis applied shows also a group of 8 wells of high mineralization with probable penetration of seawater, which is due to the high permeability in this coastal sector and to the large thickness of aquifer; additionally, the dissolution of minerals present in the layers of the aquifer, and the groundwater natural discharge with an accumulation of some chemical elements (high residence time), make this coastal aquifer an area of high salinity.
CONCLUSIONS
The characterization of groundwater quality in Nador plain is the subject of this study, using major ion chemistry to establish the causes of groundwater salinization, and to understand the main processes that determine the chemistry of groundwater affected by salinization processes. The results of interpretation of physico-chemical parameters indicate that three principal mechanisms have been recognized: downstream sector (recharge area) with relatively freshwater (whose characteristics are related mainly to recharge by rainfall and irrigation), the transition zone (with moderate water quality), and the coastal sector in the first two kilometres, with higher salinity mainly related to seawater intrusion (mixing between freshwater and seawater).
These methods indicate that there are two distinct sets of samples, which are separated out from the cluster analysis and with cumulative probability curves. One set of samples characterizes the recharge area with 16 samples, and the second set of samples is influenced by seawater intrusion (in the coastal area), where the mixing rate of seawater intrusion is about 10%.
We conclude that the salinization problem is related to natural recharge mechanisms and that seawater intrusion has a more local influence and must be considered as a process induced by overexploitation of water resources that exacerbates the deterioration of groundwater quality.
The applied methodology, using major ion chemistry, has been sufficient and effective to demonstrate the principal mechanisms that take part in the salinization of groundwater. The utility of the ionic ratios, cumulative probability curves and cluster analysis were demonstrated as powerful to identify and discriminate hydrogeochemical processes.
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